The main objec ve of the European policy of rail transport is the development of a single railway area. The opening of the railway sector to market compe on impose that railway undertakings behave like any other modern enterprises in other markets and in other industries. It means, they must constantly develop and maintain compe ve advantages, and be be er than others. In today's very intense compe on condi ons, this is the most diffi cult to achieve. The railway undertakings are challenged to fi nd op mal solu ons to operate effi ciently and eff ec vely, in order not only to survive on the transport market, but also to develop and maintain a compe ve advantage. The paper developed innova ve model for the evalua on of effi ciency of railway operators for passenger transport assessing the scope of work of railway undertakings that can greatly help to increase the compe ve ability of railway undertakings in the single railway market. The developed models allow the integra on of indicator groups (resources, opera onal, fi nancial, quality and safety indicators) into a single assessment of the scope of work of railway undertakings and also allow the provision of informa on about the correcve ac ons that can improve the scope of work of the railway undertaking. The proposed model has been tested on actual examples, e.g. railway undertaking Railways of Republic of Srpska. The analysis of the results shows excep onal suitability for use of developed approach for assessing the scope of work of railway undertakings.
INTRODUCTION
Today, modern business primarily involves a highly demanding market battle, regardless of whether it is production or providing transport services. Great competition requires that the organization of the company becomes a central determinant of business, while the activities that are being implemented are fully harmonized and fi nancially cost-effective for both the carrier and the users of services. In order to survive on the market, companies are trying to fi nd the optimal relationship between the resources invested and the achieved goals. The effi cient railway transport is a very important component of the economic development on a global and national level. It is therefore of particular importance to rationally restructure the railways and develop their competitive capabilities. In a large number of countries in Europe, but also in other countries of the world, standards have been adopted regarding the restructuring of the railway system. Appropriate legal acts were adopted for the transformation of railways. The previous stages of restructuring did not allow complete liberalization of the railway transport market, the expected positive operation of the railway sector, fulfi lment of the requirements of the transport market, raising the quality of railway services to the required level, interests of the community at national, regional and local levels and others. The restructuring of the railway system brought only partially positive business results in the main railways or pan-European corridors, mainly in transit traffi c [15] . Although the quality of the services of the railway system has slightly increased, it is still far from the quality required by the transport market. In providing adequate quality of railway services, railway undertakings have a very important role in addition to railway infrastructure in terms of: reliability, frequency, timetable, traffi c speed, safety, organization of work in railway stations, competitive prices in the transport market, etc. In the present conditions in a large number of countries, transport is mainly performed by national operators that have emerged from the transformation -a division of railway companies. Mostly these companies are managed by the state.
The complete liberalization of the railway transport market implies, above all, a free and non-discriminatory access to the railway infrastructure, with the fact that the transport function is performed by a larger number of operators on the appropriate national railway network. The effectiveness and effi ciency of transport activities signifi cantly affect the profi tability of business of all entities involved in the process, but they cannot be provided without much effort in the process of quality management and transport activities.
The subject of this research paper stems from the needs of the countries of Europe, whether EU members or applying for membership, to establish the market principles of business in the railway sector. Primarily, this relates to the liberalization of the railway market and introduction of a larger number of railway undertakings, and in the context of its reforms, harmonized with integration into EU and a modern international transport market. In the narrower sense, the subject of the research focuses on the concept of a railway undertaking through the development of a model for assessing the scope of work of railway undertakings, in particular in the process of restructuring European railways, and then by testing on a concrete example. Using the Fuzzy Logic, a model for assessing the scope of work of railway undertakings has been developed.
MODEL FOR ASSESSING THE SCOPE OF WORK OF RAILWAY PASSENGER TRANSPORT UNDERTAKING
Fuzzy sets are sets whose elements have degrees of membership. ln classical set theory, the membership of elements in a set is assessed in binary terms according to a bivalent condition -an element either belongs or does not belong to the set. By contrast, fuzzy set theory permits the gradual assessment of the membership of elements in a set; this is described with the aid of a membership function valued in the real unit interval [0, 1] .
The core technique of fuzzy logic is based on three basic concepts: (1) fuzzy set: unlike crisp sets, a fuzzy set has a smooth boundary, i.e. the elements of the fuzzy set can be partly within the set. Membership functions are employed to provide gradual transition from regions completely outside a set to regions completely in the set; (2) linguistic variables: variables that are qualitatively, as well as quantitatively, described by a fuzzy set. Similar to a conventional set, a fuzzy set can describe the value of a variable; (3) fuzzy "if-then" rules: a scheme, describing a functional mapping or a logic formula that generalizes an implication of two-valued logic. The main feature of the application of fuzzy "if-then" rules is its capability to perform inference under partial matching. It computes the degree the input data matches the condition of a rule. This matching degree is combined with the consequence of the rule to form a conclusion inferred by the fuzzy rule [13] .
In assessing the scope of work of railway passenger transport undertakings, fuzzy input and output parameters have been defi ned. Fuzzy input parameters are the available number of rolling stock, the number of passengers carried, the costs for railway infrastructure charges, the Suitability -the ability of the offered services and the number of serious accidents. The Fuzzy output variable evaluates the operation of the railway undertaking. Rolling stock are the basic assets of railway undertakings that have the function of working means in the process of enabling transport services. It includes traction means i.e. locomotives and other self-propelled vehicles and tracked vehicles, i.e. all types of vehicles for transport of passengers.
It is of particular importance for a railway undertaking to achieve optimal capacity which implies such use of rolling stock, to achieve a relatively favorable relationship between the wearing of the useful properties, on one hand, and their productivity, on the other. The indicators of production, transport of passengers as the main activity of the railway undertakings is expressed through the number of passengers carried. The railway passengers transport undertaking collects certain revenues through the criteria that give the opportunity to see the amount of work done.
The cost for railway infrastructure charges directly affects the state of the railway undertaking in the transport market. When a domestic undertaking is able to provide the appropriate level of quality of the transport service, high charges will disincentive competition in the rail market. If the charges are high, there will be no interest from the private sector in the introduction of new operators. Also, no foreign operators will come to countries and railways where these charges are high. The number of serious accidents as an input for the model is very important for assessing the scope of work of the railway undertaking, as it affects the size of passenger transport and revenue, and affects as well the assessment of the scope of work of the undertaking, while railway accidents are damaging and destroying high value means of operation, cause large damage to property and traffi c disruptions [3] .The model proposed in this paper has been developed in a way that has not been used in the literature so far. The proposed model has been tested and verifi ed through a survey conducted on the sample of the railway undertaking in BiH, i.e. the railways of Republic of Srpska. Figure 1 shows the layout of the model structure for assessing the scope of work (workload) of the railway passenger transport undertaking. 
DEFINING FUZZY VARIABLE
Fuzzy output variable A and fuzzy input variables B, C, D, E, and F are defi ned in the model for assessing the scope of work of the railway passenger transport undertaking. Fuzzy output variable A estimates the operator's scope of work. It is assumed that the grade can be: "BAD", "SATISFACTORY" or "GOOD", and that the quantifi cation is from 1 to 10. The functions of belonging to the fuzzy sets A BAD , A SATISFACTORY and A GOOD are presented in Figure 2 . Fuzzy input variable B is available number of rolling stock. It is assumed that the number of rolling stock can be "SMALL" (MBVS), "SATISFAC-TORY" (ZBVS) or "LARGE" (VBVS), and that the quantifi cation of the scoring is from 120 to 180 rolling stock. Functions belong to fuzzy sets B MBVS , B ZBVS and B VBVS are presented in Figure 3 . Fuzzy input variable C describes the work achieved by the undertaking through the number of passengers carried. It is assumed that the number of passengers carried can be: "SMALL" (MBPP), "SATISFACTORY" (ZBPP) or "LARGE" (VBPP), and the quantifi cation of the estimated 300 to 700 thousand transported passengers. Functions belong to fuzzy sets C_MBPP, C_ZBPP and C_VBPP are shown in Figure 4 . Fuzzy input variable D describes the cost of railway infrastructure charges.
It is assumed that these costs that refl ect the operating costs of the operator can be: "SATISFACTORY" (ZTN), or "UNSATISFACTORY" (NTN). Functions belong to fuzzy sets D ZTN , and D NTN are shown in Figure 5 . The Fuzzy Input Variable E represents the Suitability -the ability of the offered services. This parameter represents a signifi cant quality service evaluation. It is supposed to be "BAD" (LP) or "GOOD" (DP). Functions belong to the fuzzy sets ELP and EDP are presented in Figure 6 . Fuzzy input variable F represents the number of serious accidents per driving kilometer. This parameter represents a signifi cant quality service evaluation because safety is one of the most important quality elements. Based on the standards set by the European Safety Commission, it is assumed that the level of security can be "BAD" (LB) or "GOOD" (DB). Functions belong to fuzzy sets FLB and FDB are shown in Figure 7 . [10] . Fuzzy logic is defi ned using algorithms for approximate reasoning. The special significance of fuzzy logic is in the possibility of its application for modeling complex systems in which is very diffi cult to determine the correlation of certain variables that exist in the model. Possible and logical rules are with weight 1, less possible 0.5. The approximate reasoning algorithm for evaluating the scope of work of railway undertakings for passenger transport, developed in this paper, consists of the following fuzzy rules [2] 
MODEL TESTING RESULTS FOR THE ASSESSMENT OF THE SCOPE OF WORK OF RAILWAY PASSANGER TRANSPORT UNDERTAKING
Input variables in fuzzy systems are the so-called linguistic variables that take different values, such as "available rolling stock", "number of passengers carried", "railway infrastructure charges", "suitability-ability of offered where (x i ) has the belonging function. This paper uses the Mamdani fuzzy inference system (Centroid defuzzifi cation), the minimization method for the operator "AND" and the maximization method for the operator "OR". In accordance with the defi ned variable output function, the scope of work of the railway undertaking has been assessed. It should be noted that in such fuzzy models there is no possibility of strictly defi ning the interval limits. The obtained results on the assessment of the scope of work of the railway passenger transport undertaking on a randomly selected sample in the function of all 5 input parameters is presented in Figure 8 [2] .
The graphical display of the output fuzzy variable A (assessment of the scope of work) in function of the input fuzzy variable B (available rolling stock), C (number of passengers carried), D (railway infrastructure charges), E (suitability) and F (number of serious accidents) is presented in Figure 9 .
In order to examine the impact of the input variable on the evaluation of the scope of work of the railway undertaking, model testing was conducted, i.e. the answer Figure 9 . Output fuzzy variable A as a func on of the input fuzzy variables B, C, D, E and F (1-2):15-21 to the question "WHAT-IF". For example, if the assessment of the scope of work in the function of the available number of rolling stock is observed with the constant values of other input variables, it is noticeable that the workload rating is rising to the level of 140 rolling stock. It should be noted that the function has no linear growth trend with an increase in the number of rolling stock and its value stagnates at an estimate of 3.67 for the number of rolling stock from 140 to 180. This can be explained by the fact that the operator has a surplus rolling stock for the volume of work that is currently performing (Figure 8) . When it comes to the assessment of the scope of work of the undertaking in the function of the incoming variable number of passengers carried, provided that the other input quantities are constant, it is noticeable that the function has a growth trend by increasing the number of passengers carried. Changing the number of passengers carried in the range of 300,000 to 700,000, causes a change in the output variable to 67% ( Figure  8 ). Observing the input variable costs of railway infrastructure charges, provided that the other input sizes are constant in the function of assessing the scope of work of the undertaking, it is noticeable that the value of the workload estimates ranges from 3 to 4. Changing the cost of railway infrastructure charges in the interval of 0 to 7, 2 causes a change in the output size to a maximum of 13%. This can be explained by the fact that the level of the railway infrastructure charges in BiH is among the lowest in the EU and the countries of the region (Figure 8) . By analyzing the scope of work of the railway passenger transport undertaking when considering the incoming variable Suitability -the ability of offered services, provided that the other inputs are constant, it is noticeable that the function has a linear growth trend by increasing the undertaking benefi ts - Figure 8 . If the input variable number of serious accidents is observed, provided that the other inputs are constant, it is noticeable that by decreasing this input variable in the range 0 to 5180 FWSIs, the workload rating is increased for 30% Figure 8 . Based on the results of the fuzzy model for the given values of the input variable, it can be concluded that the assessment of the scope of work (workload) of the railway undertaking railways of Republic of Srpska for passenger transport is poor. The defi nition of the fuzzy model for assessing the scope of work of the railway undertaking is shown in Figure 10 .
CONCLUSION
Effi cient railway transport is a very important component of economic development on a global and national level. It is therefore of particular importance to restructure the railways and develop their competitive capabilities. In order not only to survive on the transport market, but also to develop and maintain competitive advantages, they must operate effectively and effi ciently. Effectiveness and effi ciency of transport activities significantly affect the profi tability of the business of all entities involved in the process, but they cannot be provided without much effort in the process of quality management and transport activities. Measuring the effi ciency and effectiveness of railway undertakings inevitably becomes a condition for their survival in a unique transport sector. Effi ciency and effectiveness have a positive impact on a number of other important indicators of functioning of railway undertakings, such as better use of resources, more rational energy consumption, increased security, increased quality of service, etc.
This paper has developed a fuzzy model based on which the management of railway undertakings can monitor the process of quality management and transport activities, and also defi ne appropriate corrective actions. The developed model is tested on a realistic example, i.e. on railway undertaking ŽRS. The variable quantities and their values were identifi ed based on the analysis of the railway undertaking ŽRS. The results obtained by testing this model for evaluating the scope of work of the railway passenger transport undertaking relate to the impact of the criteria on the output of the model. The criterion that most affects the output of the model for evaluating the scope of work of the railway passenger transport undertaking is the number of passengers carried. For the defi ned cases of testing the fuzzy model, the obtained results for evaluating the scope of work of the railway passenger transport undertaking are valid. In this way, the applied fuzzy model shows that the fuzzy logic technique can be applied effi ciently and give good results in assessing the scope of work of railway undertakings. The universality of the developed model is refl ected in its application to all railway undertakings. This paper opens the possibility of further research to lead to development of new models that would combine the proposed approach with other approaches such as simulation, optimization models, etc. In this way, certain limitations would be exceeded and the process of evaluating the scope of work of railway operators would be improved.
